Objective: This study aims to estimate the up-to-date prevalence of overweight/obesity in the suburban area of Beijing, China, and its associations with hypertension, diabetes, dyslipidemia, and metabolic syndrome (MetS). Methods: A cross-sectional survey in 19,003 suburban adults was carried out in Beijing, 2007. Overweight and obesity class 1, 2, and 3 were defined as a body mass index (BMI) of 25.0-29.9, 30.0-34.9, 35.0-39.9, and ≥ 40 kg/m 2 , respectively. Results: The agestandardized prevalence of overweight/obesity was 31.9% in the study. With increasing BMI, the prevalence of hypertension, diabetes, dyslipidemia, and MetS also increased. With normal body weight as reference, the adjusted odds ratio (95% confidence interval) of hypertension for overweight and obesity class 1-3 was 2.5 (2.2-2.7), 3.1 (2.8-3.4), 3.6 (3.1-4.3), and 4.5 (4.0-5.2), respectively. The same trend was observed for diabetes and MetS. For dyslipidemia, however, participants with obesity class 2 had the highest odds ratio. Conclusion: The prevalence of hypertension, diabetes, dyslipidemia, and MetS increases with increasing BMI. Overweight/ obesity is an important risk factor for these diseases. To reduce the social burden of these obesity-related diseases, effective strategies for the prevention of overweight/obesity should be implemented.
Introduction
With the rapid industrialization and urbanization in recent decades, the prevalence of overweight and obesity has increased significantly in China. Data from the China National Nutrition and Health Survey (CNNS) in 2002 indicates that the prevalence of overweight and obesity is 18.9 and 2.9%, respectively, among adults aged 18 years and over, with overweight defined as a body weight index (BMI) of 25.0-29.9 kg/m 2 and obesity as a BMI of 30.0 kg/m 2 or greater [1] . Between 1992 and 2002, the prevalence of overweight and obesity increased by about 38.6 and 80.6%, respectively, among Chinese residents, with a 40.7% increase in overweight detection rate and 97.2% increase in obesity prevalence among adults [1] .
Overweight/obesity is an important modifiable risk factor for cardiovascular disease (CVD) and other chronic diseases [2] [3] [4] [5] . Excess weight has been shown to be associated with increased prevalence of type 2 diabetes, hypertension, dyslipidemia, metabolic syndrome (MetS) and certain cancers; while weight loss dramatically reduces these obesity-related dis-eases [6, 7] . These diseases have become the main cause of death worldwide [8] . In China, chronic diseases, most of which relate to overweight/obesity, account for 85% of all deaths in urban and 84% of deaths in rural areas [9] . An improved understanding of the associations between obesity and obesityrelated diseases may increase public awareness of the benefits of maintaining a healthy weight, which is of special importance for obesity prevention and treatment in areas where industrialization and urbanization are taking place. The aims of the present study were to i) provide the up-to-date prevalence estimates of overweight/obesity in individuals aged 18 years and over; ii) investigate the associations between overweight/obesity and the above obesity-related diseases in the suburban area of Beijing, China.
Participants and Methods

Study Population
A cross-sectional population-based survey by stratified multi-stage cluster sampling was conducted in the Haidian district suburban area of Beijing, 2007. In brief, a random 3-stage stratified sampling method was used to select a representative sample of the general population. In stage 1, 5 towns were randomly selected. In the second stage of sampling, 30 villages/street districts were randomly selected from a total of 76 villages/ street districts. In the final stage, a total of 20,655 people aged 18 years and over were randomly chosen from these districts and invited to participate, whose age and sex distribution was similar to that of the total population. Finally, 19,003 people completed the anthropometric survey and laboratory examination and were included in the present study. The overall response rate was 92.0% (men 89.7%, women 92.9%).
Data Collection
Data collection was performed in local health centers or in community clinics in the participant's residential area. During the study visit, trained research staff members administered a standardized questionnaire to obtain the subject's information of age, sex, education, family history, physical activity, alcohol use, dietary habits, cigarette smoking, and the previous diagnosis and treatment of certain diseases including hypertension, high cholesterol, and diabetes. Body weight and height were measured twice during the interview. Weight was measured in light indoor clothing without shoes on electronic scales placed on a firm level surface to the nearest 0.1 kg. Height was measured without shoes with a wall-mounted stadiometer to the nearest 0.1 cm. Blood pressure was measured 3 times for participants in the seated position after at least 5 min of rest using a calibrated mercury sphygmomanometer. Participants were advised to avoid cigarette smoking, alcohol, caffeinated beverages, and exercise for at least 30 min before measurement.
Laboratory Measurements
Overnight fasting blood specimens were obtained by venipuncture for measurement of serum lipids and plasma glucose. Participants who did not meet overnight fasting were asked to visit centers later when their fasting time was more than 10 h. Blood specimens were centrifuged and plasma was stored at -80 °C until the laboratory assay. Plasma glucose was measured using a modified hexokinase enzymatic method (Hitachi Automatic Clinical Analyser, Model 7060, Tokyo, Japan). Concentrations of total cholesterol (TC), high density lipoprotein (HDL) cholesterol, and triglycerides (TG) were assessed enzymatically with commercially available reagents [10] . Lipid measurements were standardized according to the criteria of the Centers for Disease Control and Prevention -National Heart, Lung, and Blood Institute Lipid Standardization Program [11] . For participants with a TG level < 4.5 mmol/l, low density lipoprotein (LDL) cholesterol levels were calculated from the Friedewald equation (LDL cholesterol = TC -HDL cholesterol -TG/5) [12] . All subjects had complete laboratory results.
Criteria for Data Interpretation
BMI was calculated as body weight in kilograms per square meters of height. Overweight and obesity class 1, 2, and 3 were defined as a BMI of 25.0-29.9, 30.0-34.9, 35.0-39.9, and ≥ 40 kg/m 2 , respectively [13] . In this study, we did not differentiate between normal weight and underweight class.
Hypertension was defined as an average (calculated from 3 measurements) systolic blood pressure (SBP) ≥ 140 mm Hg and/or an average diastolic blood pressure (DBP) ≥ 90 mm Hg. Participants on self-reported regular antihypertensive treatment were considered to have hypertension [14] .
Diabetes was diagnosed as having a fasting plasma glucose (FPG) level ≥ 7.0 mmol/l or the self-reported the previous diagnosis of diabetes, or current use of anti-diabetes medication [15] . Zhang/Zhang/Zhang/Wang were computed. Differences in continuous variables were tested using t tests for independent samples. Prevalence of overweight/obesity by sex was compared using 2 test, and prevalence trends across age group were analyzed using trend 2 test. PROC SURVEYFREQ was used to obtain the prevalence of hypertension, diabetes, dyslipidemia, and MetS by different BMI, age and sex standardization was performed with the China 2000 Census population as the standard population. Odds ratio (OR) with 95% CI adjusted for age, sex, smoking, drinking, and other potential confounders was calculated by multivariate logistic regression to estimate the associations of hypertension, diabetes, dyslipidemia and MetS with overweight/obesity. Statistical significance was established at p < 0.05.
Results
General characteristics of the study participants are shown in table 1. A total of 19,003 people (7,148 men and 11,855 women) aged 18 years and over were included in this study. The average age of all participants was 48.0 (95% CI 46.5-49.6) years old. The average BMI was 23.7 (95% CI 23.2-24.3) kg/m 2 . The average age and BMI between men and women had no statistically significant difference (p > 0.05). Men had higher body weight, SBP, DBP, and TG (all p < 0.05). Conversely, women had higher FPG, TC, LDL cholesterol, and HDL cholesterol (all p < 0.05).
As shown in table 2, the age-standardized prevalence of overweight/obesity was 31.9% (24.2% for overweight and 7.7% for obesity). Although there was no significance in the overall prevalence of overweight/obesity between different genders (32.4% in men and 31.6% in women), the prevalence of overweight was significantly higher and the prevalence of Dyslipidemia included any one of the following: TC ≥ 5.2 mmol/l, TG ≥ 1.7 mmol/l, HDL cholesterol < 1.0 mmol/l, LDL cholesterol ≥ 3.4 mmol/l. Dyslipidemia also included participants who reported treatment with cholesterol-lowering medication [11] .
According to the criteria from the China Diabetes Society (CDS), MetS was defined as the presence of 3 or more of the following risk factors: BMI ≥ 25 kg/m 2 ; serum TG ≥ 1.7 mmol/l and/or HDL cholesterol < 0.9 mmol/l in men or < 1.0 mmol/l in women; blood pressure ≥ 140/90 mm Hg or patients with hypertension; or serum glucose concentration ≥ 6.1 mmol/l or patients with diabetes [16] . suburban areas of Beijing. The prevalence in our study was notably high compared with that from CNNS data under the same criteria [1] . A possible explanation is the different area from which participants were recruited. Beijing as the capital is one of the biggest metropolises in China, and the suburban area of Beijing is experiencing rapid industrialization and urbanization which has dramatically changed the individual lifestyle. The previous CNNS study also demonstrated the high prevalence of overweight/obesity in Northern China including Beijing [17, 18] . Thus, the relatively high prevalence in our study is not surprising. On the other hand, our study was conducted in 2007. The high prevalence reflects, at least in part, the real increase in prevalence from 2002 when the CNNS study was conducted to 2007 when our study was conducted. Hence, a population-based nationwide survey for obesity should be carried out to update this data. Several surveys with a relatively small sample size have been conducted in China. For example, one study from the metropolis of Shanghai found that the prevalence of overweight/obesity (BMI ≥ 25 kg/m 2 ) was 44.6% among adults aged 40 years and over [5] . Another study from Beijing and Shanghai provided a prevalence as high as 53.4% in adults aged 50-70 years when overweight/obesity was classified as BMI ≥ 24 kg/m 2 [18] . The high prevalence in both studies was due to the higher age and/or lower criteria for overweight/ obesity. Some studies suggested that a BMI cut-off of 24 kg/m 2 might be appropriate for the criteria of overweight in China [3, 18] . In our study, the cut-off of 25 kg/m 2 was used because the WHO Expert Consultation [19] agreed that this cut-off point should be maintained for international comparison. Data also show the prevalence of overweight/obesity in US adults aged 18 years and over to be 66.3% [20] . In comparison, the prevalence observed in China was notably low. However, this is not a reason to ignore this issue because prevalence in China is increasing and has an impact on many obesity class 2 and 3 was significantly lower in men than in women (all p < 0.05). Prevalence of overweight and obesity class 1-3 increased in groups age < 50 years old, and decreased in groups age ≥ 40 years old among men and women (all p <0.05).
Statistical Analysis
In general, the prevalence of hypertension, diabetes, dyslipidemia, and MetS was 33.6, 6.1, 30.3, and 11.6%, respectively. The prevalence of these conditions by BMI is shown in figure 1 . The test for trend showed a significant increase of prevalence with increasing BMI classification of these obesity-related diseases. The most common obesity-related disease was hypertension, followed by dyslipidemia, MetS, and diabetes. For hypertension, the prevalence was 27.5, 34.8, 44.3, and 50.7% in the participants with overweight and obesity class 1-3, respectively. The same trend was observed for diabetes and MetS. It is notable that the highest prevalence of dyslipidemia was in the participants with obesity class 2 (35.1%), instead of obesity class 3 (30.4%).
The adjusted OR (95% CI) was calculated by multivariate logistic regression to estimate the associations between obesity-related diseases and BMI ( fig. 2 ). For hypertension, the participants with overweight and obesity class 1-3 had an adjusted OR of 2.5 (2.2-2.7), 3.1 (2.8-3.4), 3.6 (3.1-4.3), and 4.5 (4.0-5.2), respectively, with normal body weight as reference. The same trend was observed for diabetes and MetS, where the participants with obesity class 3 had the highest OR of 4.5, (3.8-5.2) and 3.1 (2.6-3.7), respectively. For dyslipidemia, however, the participants with obesity class 2 had the highest odds ratio of 3.3 (2.8-4.1).
Discussion
In this population-based cross-sectional study, the age-standardized prevalence of overweight/obesity was 31.9% in the mmol/l, LDL cholesterol ≥ 4.14 mmol/l [21] . However, the definition in our study (TC ≥ 5.2 mmol/l, TG ≥ 1.7 mmol/l, HDL cholesterol < 1.0 mmol/l, LDL cholesterol ≥ 3.4 mmol/l) was less conservative. Thus, a further study should be carried to explore this unanticipated phenomenon.
MetS has become a major public health issue worldwide. The prevalence of MetS in a cross-sectional survey of 15,540 Chinese adults aged 35-74 years was 9.8% in men and 17.8% in women [16] . In another study conducted in China with 10,326 participants aged 50-85 years, the prevalence was 15.6% [28] . Caution should be used in direct comparisons because those 2 studies selected older participants and used the definition of the US National Cholesterol Education Program (NCEP) instead of CDS. Similar to hypertension and diabetes, an increasing overweight and obesity class was associated with increased prevalence of MetS in our study and the study from the USA [4] .
A limitation of our study is its reliance on estimates derived from a cross-sectional study. Cross-sectional study design does not allow for quantification of the importance of overweight/obesity in the incidence of these obesity-related conditions, which limits our ability to comment on causal relationships between overweight/obesity and the incidence of these conditions. However, previous studies have demonstrated the importance of overweight/obesity for the development of obesity-related conditions. Nevertheless, a further prospective study can be considered among the population in the future. A second limitation is that the applicability of diagnostic thresholds for overweight/obesity may be questioned. Despite some previous reports that BMI ≥ 24 kg/m 2 may best define overweight/obesity among Chinese adults, we chose BMI ≥ 25 kg/m 2 to defined overweight/obesity for the current analysis to provide a prevalence of overweigh/obesity that is comparable to other studies and populations (such as Europeans, Japanese, and Americans).
Conclusion
In summary, findings from the present study showed an association between increasing BMI and an increase in the prevalence of hypertension, diabetes, dyslipidemia, and MetS. Overweight/obesity is an important risk factor for these obesity-related diseases. Some programs for body weight control should be initiated to combat these obesity-related conditions and reduce the overwhelming burden on the Chinese health care system.
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The authors declare no conflict of interests. chronic diseases. Overweight and obesity have been consistently associated with the risk of CVD as well as other chronic conditions such as hypertension, diabetes, dyslipidemia, and MetS [2] [3] [4] [5] [6] [7] . The health consequences of overweight and obesity have become the main problem of public health worldwide.
In the present study, the participants showed the highest prevalence of hypertension among the observed obesityrelated diseases. Its prevalence increased with increasing BMI and the prevalence was 4.7-fold higher in the participants with obesity class 3 (BMI ≥ 40 kg/m 2 ) than in the participants with non-overweight/obesity. Our study was consistent with previous studies from China and other countries [4, 5, 21, 22] . For example, participants with obesity (BMI ≥ 25 kg/m 2 ) had an adjusted OR of 2.5 (1.9-3.1) with normal body weight as reference in a study with adults aged 40 years and over in Shanghai, China [5] . A US study collected data from participants aged 18 years and over and used the same criteria for overweight/obesity as our study [4] . Interestingly, the participants with overweight and obesity class 1 had a higher OR in our study than in the US study (2.5 vs. 1.7 for overweight; 3.1 vs. 2.6 for obesity class 1), suggesting that the impact of BMI on hypertension may be greater in the Chinese population. Since hypertension is an important risk factor for CVD and diabetes [23, 24] , lower BMI cut-off might be appropriate to use as a threshold for public health action in the Chinese population.
The prevalence of diabetes was 6.1% in our study, which is the same as shown in participants aged 20-74 years from Qingdao City, China [25] . The prevalence increased with increasing BMI, which was consistent with previous studies [4, 5, 22] . In other words, obesity is a risk factor for diabetes, and this risk factor becomes stronger for extreme obesity. Similar to hypertension, participants with overweight and obesity class 1 in our study had a higher OR for diabetes than observed in the US study (2.1 vs. 1.2 for overweight; 2.5 vs. 1.6 for obesity class 1) [4] . It has been reported that there is a high prevalence of diabetic patients who remain undiagnosed in Mainland China [26] , and obese participants are no more likely to have their diabetes diagnosed than normal-weight participants [27] . Thus, the diagnosis and treatment of diabetic patients from obese populations is urgently needed to decrease the social burden of this obesity-related disease.
In the present study, the highest prevalence of dyslipidemia was found in participants with obesity class 2, instead of obesity class 3. Other studies also showed that the increase in the prevalence of dyslipidemia peaked for individuals with obesity class 2 and hit a plateau for obesity class 3 individuals; they found that the prevalence of dyslipidemia increases until BMI surpasses 30 kg/m 2 and decreases with BMI > 40 kg/m 2 [4, 22] . This was considered to be linked to the conservative definition of dyslipidemia including the following criteria: TC ≥ 6.22 mmol/l, TG ≥ 2.26 mmol/l, HDL cholesterol < 1.04
